and to a concentrate from 2 weeks of age. The rumen was rapidly colonized by microbes immediately after the birth of the animals. The first bacteria which developed most abundantly in the rumen were Escherichia coil and streptococci. The numbers of E, coli, which were high in 1-day-old calves, decreased gradually to reach a constant level within 6-8 weeks of age. The numbers of streptococci, which were high during 8 weeks after birth, decreased in a 10-week-old calf. The numbers of lactobacilli, which were high in a 1-day-old calf, increased in a 2-week-old calf, and thereafter remained constant. Amylolytic bacteria were present abundantly in 1-day-old calves.
The numbers which increased in 3-day-old animals remained constant thereafter. The numbers of sulfatereducers, lactate-utilizers, xylan-fermenters and pectin-fermenters which were low in 1-day-old calves, increased within 3 days after birth, and thereafter the levels remained constant. The cellulolytic bacteria which began to appear in animals 3-5 days of age, became abundant in calves 2-3 weeks old. The methanogenic bacteria which were present in calves 1-2 weeks of age became abundant when the animals were approximately 3 weeks old.
The abundant appearance of sulfate-reducers, xylanfermenters and pectin-fermenters in 3-day-old calves was new observation. The constitution of the anaerobic bacterial population in generic level in the rumen of a calf changed with age after birth. The constitution of predominant bacteria in the rumen of a calf at both 1 day old and 10 weeks old was similar to that of mature cattle. The composition of volatile fatty acids (VFA) in the rumen contents of calves changed with age after birth. The colonization by protozoa was observed in 8-to 10-week-old calves. Also, the importance of microbial interaction in the colonization by microorganisms in the rumen of calves is discussed in this report.
Most constituents of feed ingested by ruminant animals are not available directly to them. The feed is degraded to volatile fatty acids (VFA) such as acetic, propionic, butyric and other fatty acids by the fermentatioe activity of microorganisms present in the rumen. The fatty acids are absorbed and oxidized by the animal to meet its energy requirements. The microbial cells which multiply through the fermentation processes are digested and absorbed in the lower digestive tract of the animal to meet its protein requirements. Accordingly, the constitution of microorganisms present in the rumen plays an important role in the nutrition and physiology of the host. Therefore, studies on the development and fluctuations of rumen microbial populations have been carried out by many workers for a long time and reviewed by Hungate (1966) (7) and Dehority and 0rpin (1988) (3). However, most studies on rumen microbiology have been carried out in adult ruminants.
Studies on the colonization of microorganisms in the rumen of young calves are not only important for obtaining basic information for the development of an early weaning system of calves, but also for analyzing the microbial ecology in the rumen. Studies on the development of rumen microbial populations in young calves have been carried out by a few workers (2, 5, 16) . However, since information obtained on these studies so far is limited, it is necessary to clarify the role and importance of various kinds of microorganisms in the development of the rumen function.
The present studies were undertaken to obtain more detailed information on the changes, with age after birth, of the constitution of microbial populations, and of the VFA concentration and proportion in the rumen of calves.
MATERIALS AND METHODS
Animals. Four Holstein calves were used in this study. The calves were reared with their mother during 24 h after birth and fed with colostrum for 3 days. After 1 day of age, the calves were separated from their mother and reared in individual pens in a cattle house which contained their mother and other cattle. The calves were fed with 41 of cow's milk divided into two equal volumes twice a day until 4 weeks of age. At 10 days of age they received hay wafer prepared from first-cutting Italian rye grass. From 2 weeks of age they had access ad libitum to hay wafer and a pelleted concentrate containing (%, w/w) : total digestible energy, 82; crude protein, 15; urea, 1. Mineral lick and water were available ad libitum.
Sampling of rumen contents. Samples of rumen contents were collected by stomach tube when calves were 1, 3, 5 and 7 days, and 2, 3, 4, 6, 8 and 10 weeks of age. The calves were sampled before the morning feed.
Treatment of samples. Samples of the rumen contents were transported immediately to a laboratory. For the determination of viable counts of both aerobic and anaerobic bacteria, tenfold serial dilutions were prepared in the anaerobic dilution solution described previously (12) .
A portion of the samples was used to enumerate viable rumen bacteria. Another portion was blended with an equal volume of saline solution containing 20% formalin (v/v), for enumeration of protozoa. The remaining portion of the samples was stored in a refrigerator following acidification with 24% (w/v) meta-phosphoric acid in 5 N HZSO4, for VFA analysis. The VFA in samples was analyzed by gas chromatography according to the methods described previously (12) .
Enumeration of aerobes and facultative anaerobes. Viable counts of bacteria in the samples, taken from calves No. 1, 2 and 3, were made in Petri dishes on DHL agar medium (Nissui) for E. coli, TATAC agar medium (13) for streptococci, and a modified LBS agar medium (13) for lactobacilli. 0.5 ml from each of appropriate dilutions of the samples was dropped on agar plate medium and spread with Conradi's rod. The first two of these inoculated agar plate media were incubated aerobically for 1 or 2 days at 37°C. The others were incubated anaerobically in Gas Pak jars (BBL) for 2 days at 37°C. In the course of this study, it was found that, in the samples taken from two calves 2 weeks old, viable counts of streptococci and lactobacilli obtained by using a modified BL agar medium (13) were about 100-1,000 times higher than those obtained by using the TATAC agar medium and the modified LBS agar medium. So, viable counts of streptococci and lactobacilli in the samples of calf No. 4 were made by using the modified BL agar medium. The inoculated agar plates were incubated aerobically for counting streptococci and anaerobically for counting lactobacilli.
After incubation, different types of colonies that appeared on each agar plate were counted. And five representatives of each type were picked and purified. Strains isolated were examined for their Gram reaction, morphology, and fermentation products from glucose. Strains isolated from BL agar plates were examined for their growth on Trypticase soy agar (BBL) plates aerobically.
Enumeration of anaerobic bacteria. Total viable counts of anaerobic bacteria in the samples were made by the techniques of Hungate (8) with RGCMSA medium described previously (12) .
The methods of counting such functional groups of bacteria as cellulolytic bacteria, amylolytic bacteria, xylan-fermenters, pectin-fermenters, lactate-utilizers, sulfate-reducing bacteria and methanogens were the same as those described previously (9, 12) .
Presumptive identification of rumen bacteria isolated. One hundred and eighteen strains were isolated from roll tubes of RGCMSA medium inoculated with high dilutions of the samples taken from calf No. 3. They were examined for their morphological and biochemical characteristics as described previously. Presumptive identification of bacterial isolates was carried out according to the VPI Manual (6) and Bergey's Manual of Systematic Bacteriology (10, 14) .
Enumeration of protozoa. The protozoa in the samples were examined by the methods described previously (12) .
RESULTS

Colonization of aerobic, facultative anaerobic and anaerobic bacteria
The rumen was rapidly colonized by abundant bacteria after the birth of the 4 calves. Total viable counts of anaerobic bacteria were 108 c.f.u./g in the rumen of 1-day-old calves, reached 109 c.f.u./g in 3-day-old calves, and thereafter remained constant during the experimental period (Table 1) .
Viable count of E. coli was 10' c.f.u./g in the rumen of 1-day-old calves, started to decrease from the seventh day of age, and reached the level of 103 c.f.u./g in calves 6 weeks old.
Viable count of streptococci, determined by using TATAC agar medium, was 108 c.f.u./g in the rumen of 1-day-old calves, started to decrease from the third day of age, and reached the level of 103 c.f.u./g in calves 8 weeks old. On the other hand, viable count of streptococci, determined by using BL agar medium, was 108 c.f.u./g in a 1-day-old calf (No. 4), remained the level of 10'-109 c.f.u./g during 8 weeks, and decreased to the level of 106 c.f.u./g when this calf was 10 weeks old.
Viable count of lactobacilli, determined by using a modified LBS agar medium, was 103 c.f.u./g in the rumen of 1-day-old calves, increased gradually to reach the level of 106 c.f.u./g during 3 weeks of life, and thereafter remained constant. While, viable count of lactobacilli, determined by using BL agar medium, was 10' c.f.u./g in the rumen of a calf (No. 4) during 1 week of life, then reached the level of 108-109 c.f.u./g at 2 weeks old, and thereafter remained constant.
Colonization of several functional groups of bacteria
Amylolytic bacteria became rapidly abundant in the rumen of calves after birth. Their numbers were 108 c.f.u./g in the rumen of 1-day-old calves, reached the level of 109 c.f.u./g in 3-day-old calves, and thereafter remained constant ( Table 2) .
The numbers of xylan-fermenters, pectin-fermenters, lactate-utilizers and sulfate-reducing bacteria were 102-104 c.f.u./g in the rumen of 1-day-old calves, and thereafter increased rapidly. Namely, the numbers of xylan-fermenters and pectinfermenters reached the level of 108-109 c.f.u./g in 3-day-old calves. And also, those of lactate-utilizers and sulfate-reducing bacteria increased to reach the level of 106-10' c.f.u./g in calves 3 days old. The numbers of these 4 functional groups of bacteria remained constant after the third day of life.
Cellulolytic bacteria appeared in the rumen of calves at early periods. Their numbers were 102 c.f.u./g in 3-day-old calves, gradually increased to reach the level of 10' c.f.u./g at 3 weeks of age, and thereafter remained constant.
Methanogenic bacteria appeared in the rumen of 1-week-old calves. Their numbers increased gradually to reach the level of 106 c.f.u./g at 3 weeks of age, reached the level of l0' c.f.u./g on the eighth week of life, and thereafter remained constant.
Changes in the constitution of anaerobic bacteria
Changes in the constitution of predominant anaerobic bacteria in the rumen contents of a calf (No. 3) in relation to the age of life were examined ( Table 3) .
The viable bacterial population in the rumen of this calf at 1 day old was dominated by Bacteroides spp. The bacterial population in this calf at 4 and 6 weeks old was dominated by Lactobacillus spp. The bacterial population in the calf at 8 weeks old was dominated by Bacteroides spp. and Selenomonas spp. The bacterial population in the calf at 10 weeks old was dominated by Bacteroides spp. again.
Appearance of protozoa
None of the ciliate protozoa were found in the rumen contents from four calves through 6 weeks of age. Only Entodinium spp. were found in two calves 8 weeks old and in four calves 10 weeks old.
Changes of VFA concentrations and proportions in the rumen contents
The total VFA concentration in the rumen was ca. 3 mM in 1-day-old calves, and increased gradually to reach the level of ca. 22 mM in calves 10 weeks old (Table 4) .
The molar proportion of VFA in the rumen of 1-day-old calves was 84 and 4.4% for acetic and propionic acid, respectively. Thereafter, the molar proportion propionic, n-butyric acid, and n-valeric acid, respectively.
DISCUSSION
The rumen microflora developed rapidly after birth. The first bacteria which developed most abundantly in the rumen were E. coli and streptococci.
Viable counts of E. coli and streptococci, enumerated by using DHL and TATAC agar media respectively, were high in 1-day-old calves, and decreased gradually to reach, after 6-8 weeks, a level normally found in mature cattle. Inversely, viable counts of lactobacilli, enumerated by using a modified LBS agar medium, were low in 1-day-old calves, increased gradually during 3 weeks, and thereafter remained constant. These observations agreed with those of Bryant et al.
(1958), and of Ziolecki and Briggs (1961) (2, 16) . While, viable counts of streptococci and lactobacilli, enumerated by using BL agar medium, were extremely higher than those enumerated by using TATAC and a modified LBS agar media (Table 1) . These results show that BL medium is non-selective, whereas both TATAC and a modified LBS media are strongly selective. So, it is advisable to use BL medium for studying predominant Lactobacillus spp. and Streptococcus spp. in the rumen in future. Moreover, these results indicate that lactobacilli and streptococci may play more important roles in the rumen of young calves as compared with what is generally believed.
Sequential development of several functional groups of bacteria in the rumen of calves was observed. Within the limits of the present investigation, several functional groups of bacteria were divided roughly into four types on the basis of their patterns of the colonization in the rumen of newborn calves. The first type contains amylolytic bacteria. The second type includes xylan-fermenters, pectinfermenters, sulfate-reducing bacteria and lactate-utilizers. The third type contains cellulolytic bacteria. The fourth type contains methanogenic bacteria. The features in the patterns of development of bacteria belonging to each type in the rumen of newborn calves are described in RESULTS. Sulfate-reducers, xylan-fermenters and pectin-fermenters were abundantly present in the rumen of 3-day-old calves. These findings show that these bacteria must be able to develop in the rumen before the ingestion of solid feed.
Both lactate-utilizers and sulfate-reducing bacteria, which possessed ability to ferment lactate, appeared abundantly in the rumen of calves 2 days after the establishment of amylolytic bacteria including streptococci. This fact indicates that lactate produced by amylolytic bacteria may be a limiting factor for the development of lactate-utilizers. Bryant et al. (1958) observed that lactate-utilizers were present abundantly in the rumen of 1-week-old calves (2) . While, the present experimental results showed that both lactate-utilizers and sulfate-reducing bacteria were present abundantly in the rumen of 3-day-old calves. Both bacteria may play an important role to maintain favorable environments in the rumen by reducing a level of lactic acid produced by other rumen bacteria.
There was some information on the age at which cellulolytic bacteria colonized the rumen of newborn ruminants, until now. For example, Bryant et al. (1958) observed that cellulolytic bacteria appeared in the rumen of calves at the end of the first week of life, and their numbers were similar to those of mature cattle on the third week of life (2). Fonty et al. (1987) found that cellulolytic bacteria appeared in the rumen of lambs at 4-7 days after birth, and their numbers increased to reach a constant level during 1-2 weeks of age (5). These observations indicate that the rumen of newborn animals, fed exclusively with milk, provides already favorable conditions for colonization of cellulolytic bacteria. An answer to this indication has been given by Fonty et al. (1983) (4) . The authors found that cellulolytic bacteria were dependent for their nutritional requirements on other, non-cellulolytic, bacteria in studies on gnotobiotic animals. This finding was supported by the present investigation that cellulolytic bacteria established in the rumen of calves after the colonization of many functional groups of bacteria. However, the results obtained by Bryant et al. (1958) and by the present investigation showed that the numbers of cellulolytic bacteria in the rumen of calves reached a maximal level on the 3 weeks of age after the consumption of roughage.
The symbiotic relationship, through giving and receiving of metabolites, between methanogenic bacteria and cellulolytic microorganisms has been clarified in vitro (1, 11) . The present experimental results were that methanogenic bacteria became abundant in the rumen of calves after the colonization of cellulolytic bacteria. These results show the possibility that there exists a symbiotic relationship between them in vivo.
None of the protozoa appeared in the rumen of calves during 6 weeks after birth. And then, only Entodinium spp. appeared in the rumen of calves at 8-10 weeks of age. These results obtained in the present investigation agreed with those of Bryant et al. (1958) (2) . Namely, they observed the sequential establishment of protozoa, Entodinium first, followed by Diplodinium and then holotrichs. In this study, it was assumed that the potential sources of microorganisms in the rumen of calves, maintained by the isolation from their mother from an early age, were mainly the bedding and feed contaminated with rumen contents from other ruminants, the aerosol in the cattle house, and workers handling animals.
The composition of VFA in the rumen of calves changed with age after birth. The molar proportion of propionic acid in the rumen of 4-week-old calves was significantly high. The results, obtained in the present investigation concerning to the trend of changes of the composition of ruminal VFA with age of calves, were similar to those described by Umezu (1975) (15) .
Since the composition of VFA in the rumen influences directly the nutrition and physiology of calves, it is important to manipulate microbial populations in the rumen to benefit animal production. The authors believe that the results obtained in the present investigation are valuable as the basic information to develop a system develop MINATO, OTSUKA, SHIRASAKA, ITABASHI, and MITSUMORI VOL. 38
for manipulating microbial populations in the rumen of calves and to studies on the microbial ecology in the rumen.
